ABSTRACT. An algorithm for simultaneous determination of pressure and temperature distribution in oil-producing tube flow and the counter flow in gas-lift annulus has been proposed. The algorithm is based on a double loop iterative procedure and shooting method. The two-phase fiow calculation for pressure Used in the algorithm is baSed on improved methods of Beggs and Brills, Or.kiuewski or Hagedorn a.nd Brown. The numerical implementation for an example is presented to assure the applicability of proposed algorithm.
Introduction
The problem of accurately predicting pressure drops in oil-producing well has been developed in the last 50 years. In general, heat transfer calculations were not been considered, and the temperature distribution was usually assumed to be linear between the surface temperature and bottom hole temperature. In many cases this assumption will not introduce significant errors. Nevertheless, the heat transfer calculations can be very important when the liquid rate of a well is changed, in gas-lift:-injection wells, flow of nigh paraffin oil, etc.
Various algorithms for coupling pressure and heat losses calculation in oilproducing well were presented in [1, 2] . These algorithms have been performed without considering the case of counter flow of gas in gas-lift annulus.
This paper presents an algorithm for simultaneous calculation of pressure and heat losses in oil-producing tube. as well as in gas-lift annulus. Assuming the liquid production rate and gas injection rate are known, the pressure and temperature distributions in th~ producing tuLc and gas-lift annulus can be determined if a given set of boundary conditions is sufficient, i.e. the set of conditions on the surface or in the reservoir. For example, the well-head pressure, well-bottom temperature, injection depth and th~ surface temperature of injection gas make a sufficient set of boundary. conditions. In this case, the most important quantities need to be determined .are th.e well-bottom pressure, well-head temperature, surface injection pressure, and the temperature and pressure at the injection point, i.e. at -the injection valve ..
At first, the basic equations that describe the flow and heat exchange in. pro-. ducing tube and in the gas-lift annulus are presented, and the boundary conditions will be discussed. The effects of the phase transition such as paraffin crystallisation and vaporisation are taken into account in the pressure equations as well as in the temperature equations.
Next, the algorithm for one case of the boundary conditions will be presented. Some known methods such as Beggs At the end, some results of calculation for one producing well are presented and conclusions are given. Gas is continuously injected into tube through a gas-lift valve at a fixed depth Zgt· The injected gas is conducted to the valve through an annulus, which is modelled by equivalent circular pipe with hydraulic and thermal equivalent diameters. The flow in the producing tube is a multi-phase flow and the gas-liquid ratio is increased from the valve to the surface.
Basic equations and boundary conditions
Under the steady conditions, the equations for pressure and temperature calculation in producing tube and in gas-lift annulus can be written as presented below. 
is the component due to paraffin crystallisation.
is the component concerned friction losses. kr is the overall heat transfer coefficient, which can be determined as presented in Appendix B.
Pressure and temperature equations in gas-lift annulus
The flow of gas in the gas-lift annulus can be modelled by flow of gas in a circular pipe with a hydrodynamic equivalent diameter used for calculation of the friction component and with a thermal equivalent diameter used for calculation of overall heat transfer coefficient. According to these assumptions, the equations for pressure and temperature in the gas-lift annulus can be written as following [2] :
,
The equivalent diameters for determination of / 1 and kr, a.re:
respectively. The determination of overall heat transfer coefficient kr 11 is presented in Appendix B.
Conditions at gas-lift valve
In steady condition a valve can be considered as a pipe with three equivalent parameters: the equivalent length Leqi the equivalent diameter Deq and the equivalent cross-section area Aeq.
The pressure difference between the annulus and producing tube at injection point can l;>e calculated according to following expression:
The temperature of flowing liquid in the tube at the injection point may be considered as discontinuous and can be determined by the relation: (2.9) where to+ and t 0 -a.re the temperatures of the fluid above and under the valve respectively.
Boundary conditions
Assuming the producing liquid rate and gas injection rate are known, the sufficient boundary conditions for determination of pressure and temperature distribution in producing tube and in gas-lift annulus can be formulated as following:
• ·for the producing tube: pressure. and temperature either at the inlet or at the outlet of the tube must be required. It is not necessary that pressure and temperature must be known at the same end of the tube. There are, therefore, four possibilities of boundary conditions for this case:
1. Pressure and temperature are known at the top (outlet) of producing tube 2. Pressure and temperature are known at the bottom (inlet) of producing tube 3. Pressure at the top (outlet) and temperature at the bottom (inlet) of producing tube are known 4. Pressure at the bottom (inlet) and temperature at the top (outlet) of producing tube are known
• for gas-lift annulus: the temperature of injected gas at the surface must be required. Since the gas injection rate and the characteristic parameters of valve are given, the pressure of injected gas at the surface is, therefore, dependent on the position of the valve. If the pressure at surface is known then the position of the valve can be determined, and in reverse, if the position of valve is given then the pressure. at surface can be determined. For the gas-lift annulus are, therefore, . . two possibilities:
1. The temperature and pressure of injected gas at surface are given 2. The temperature of injected gas at surface and position of the valve are gtven
The combination of the conditions for the producing tube and for gas-lift annulus makes eight sets of sufficient boundary conditions, which is summarised in the Table 1 . In practice, the condition of imposing the temperature at the top of producing tube is very sensible condition. That means a little change in the temperature in the top causes a magnifical change of temperature at the bottom. Otherwise, the temperature at the top is strongly dependent on the liquid rate, so the condition of imposing this temperature is not commonly advised. Hence, the boundary conditions set 3-6 can be rejected from consideration.
The remained problems with the boundary conditions set 1, 2, 7 or 8 have practical meanings and are worth for consideration. Now the procedure for solution of the problem with the boundary conditions 1 will be presented below. The problems with the sets 2, 7 or 8 may be treated similarly. The considered problem can be written in the form of a system of non-linear ordinary differential equations as following: An approximation to the function 6 at the point Zi will be denoted by:
The equations (3.1)-(3.2) approXimated implicitly by backward Euler approximations will get the form:
The finite dift'erence equations (3.6)-(3.9) are strongly non-linear. And an iterative procedure will be used for solving this system of non-linear equations.
The iterative procedure
The iterative procedure with double loop is used for solving the system of nonlinear finite difference equations (3.6)-(3.9). The inner loop is used for pressure calculations (with the iterative index l), and the outer loop is used for temperature calculations (with the iterative index k).
Assuming the values of temperature and pressure are known in k-th iterative . h
step at pomt zi+l' t at means the values POi+l' tOi+l' Pgi+l' tgi+l are known.
The inner iterative loop with index l allows to determine the pressure values in the following way: 
The convergence of this loop gives the solution at point Zi+ 1 :
. Using the shooting method
The iterative algorithm described above uses the values of point Zi to calculate the values of point Zi+t· While the boundary conditions sets 1, 2 or 7, 8 do not give the conditions at the same point (at the top or bottom of the tube). Some boundary conditions are, therefore, to be assumed to start the calculation loops, and the shooting method has to be used for getting the given boundary conditions. For the boundary conditions set 2, the temperature on the top of producing tube and the .injection pressure at the surface are to be assumed, then the temperature at bottom of producing tube and the position of the gas-lift valve can be determined. And an iterative procedure like the shooting method [6) will be used for matching the given temperature at bottom and given position of the valve.
Example of calculation
The algorithm described above is realized in a computer program and applied for one producing well with gas-lift injection. The main characteristic parameters of the well are given below:
Oil rate: Gas rate: Gas injection rate: Depth of gas-lift valve: Pressure at top of producing tube:
Temperature of liquid at bottom: Temperature of injected gas at surface: Length of producing tube: The pressure and temperature at which the gas-lift valve is operating can be determined:
Temp. at operating gas-lift valve Press. at operating gas-lift valve The algorithm for solving simultaneously the system of equations governing the hydrodynamic and thermal processes in producing tube and gas~lift annulus was presented. The algorithm was based on double loop iterative procedure to solve the system of non-linear finite difference equations. An iterative procedure based on shooting method was been also used for the case of comP,licated boundary conditions.
Conclusion
The algorithm was. implemented by a co:rnputer program on PC, and the results of calculations of an example show that it can be used for multi-purposes analysis of oil producing well. ( dp) = S [(dp) ] + M[(dp) ] The overall heat transfer coefficient of a fluid in a tube can be a combination of three components. They are convective heat losses between the flowing fluids and the tube wall, conductive losses through the wall and through any insulation or coating material, and conductive losses to the environment. For a buried tube, the overall heat transfer coefficient U can be expressed in the form: U= 1 
Rg +Rp+RJ
where Rg = resistance to conductive heat transfer from the tube to the ground, Rp ::;= resistance to conductive heat transfer through the tube wall and coatings, RJ =resistance to convective heat transfer between the flowing fluid and the tube wall. The calculation of k.,. is similar to the case of gas-lift annulus. But the outer diameter D 2 and the equivalent thermal diameter Dteq of gas-lift annulus must be replaced by the inner diameter D of producing tube. where Rjtub =resistance to convective heat transfer between the flowing fluid and the producing tube wall with Re based on inner diameter of the tube, R fgsl = resistance to convective heat transfer between the flowing injected gas and the producing tube wall with Re based on thermal equivalent diameter.
